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Abstract: Aconitum balfourii (Bruhl) Muk. (Ranunculaceae) is an en¬ 
dangered medicinal plant. Natural populations were surveyed in the 
northwest Himalaya for population estimation and evaluation of elite 
germplasm. Vegetation sampling of quadrats was conducted using the 
vertical belt transect method in areas supporting A. balfourii. Plant den¬ 
sity and relative dominance of A. balfourii were low compared with other 
alpine species. Threat status was determined on a site-by-site basis as 
well as for entire western Himalaya. A. balfourii was generally classified 
as endangered on the basis of geographic distribution and critically en¬ 
dangered on the basis of abundance. We found the natural geographic 
distribution of A. balfourii to be diminishing due to habitat destruction. 
Immediate corrective management measures are needed for sustainable 
utilization and long-term conservation of the species in the wild. 

Keywords: Endangered species; medicinal plant; soil analysis; popula¬ 
tion estimation; Ranunculaceae 

Introduction 

Aconitum is a diverse genus of plants with tuberous roots be¬ 
longing to the family Ranunculaceae, which is well represented 
in the Indian Himalayan region with 27 of nearly 300 species in 
the world. Thirteen species of Aconitum are reported to have 
medicinal properties (Chakravarty and Chakravarti 1954). Of 
these, five species are reported from Garhwal Himalaya. A. bal¬ 
fourii (Bruhl) Muk. is one of the important medicinal plants 
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categorized as an endangered species (Nautiyal et al. 2002). It is 
commonly known as Mitha Vish, or Bhangwa, and is distributed 
from 2 800-4200 m. Tubers show different medicinal applica¬ 
tions, including treatment of rheumatism, neuralgia, leprosy, 
paralysis, inflammation, analgesia, vermifuge, and pain and in¬ 
flammation from gout, and disorders due to worms or microor¬ 
ganisms (Stapf 1905; Kirtikar and Basu 1935). 

Tubers of A. balfourii contain a crystalline toxic alkaloid 
called pseudoaconitine (0.4-0.5%) and small quantities of aco¬ 
nitine, picroaconine, aconine, benzyl aconine, and hemonapelline 
(Anon. 1985). The demand for home and commercial use is met 
by harvest from the wild, which has caused depletion of wild 
populations. Information on taxonomy, general distribution, uses, 
ecophysiological characters, and phytochemical properties was 
reported by Stapf (1905), Kirtikar and Basu (1935), Gaur (1999), 
Naithani (1984), and Bahuguna et al. (2000). These researchers 
did not address the urgent need for information on (1) the status 
and trend of the species in nature, i.e. abundance and distribution, 
and (2) the population structure of plants in the wild. In this pro¬ 
ject we addressed these subjects to guide future sustainable utili¬ 
zation of the herb and its conservation in the wild. Quantitative 
inventories, more over, help identify species that are in different 
stages of vulnerability as well as the various factors that influ¬ 
ence the existing vegetation in any region (Padalia et al. 2004; 
Parthasarathy 1999). 

Materials and Methods 

Study area 

We surveyed 16 study areas in the northwest Himalaya (Uttara¬ 
khand), India (Fig. 1) for occurrence of A. balfourii : Har-Ki-Dun 
(HKD), Yamunotri (YM) and Dayara (DR) in Uttarakashi dis¬ 
trict; Panwali Kantha (PK) in Tehri district; Pindari Glacier (PG) 
in Bageshwer district; Tungnath (TN), Kilpur (KP), Madhya 
Maheshwar (MD), and Kedarnath (KN) in Rudraprayag district; 
and The Valley of Flowers (VF), Hemkund (HK), Latakhark 
(LK), Dhudhatoli (DT), Rudranath (RN), Badani Bugiyal (BB), 
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and Jhaltal (JH) in Chamoli district of Uttarakhand state. These 
alpine sites are typically under heavy snow cover for six months 
during winter and 90%-95% of rainfall occurs during the mon¬ 
soon season (July-August). The active growth period of A. bal- 
fourii is only six months annually (May-October). Abiotic pres¬ 
sures, e.g. high wind velocity, high ultraviolet radiation, and low 


atmospheric oxygen levels were common at all study sites. All 
sites except The Valley of Flowers were exposed to similar an¬ 
thropogenic impacts such as grazing, harvesting, and tourism. 
The Valley of Flowers was protected as national park where an¬ 
thropogenic activities were restricted after 1982. The detailed 
description of each site is given in Table 1. 
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Fig. 1 Map of study sites for A. balfourii (A-Badani Bugiyal, B-Dayara, C-Dhudhatoli, D-Har-Ki-Dun, E-Hemlcund, F-Jhaltal, G-Kedamath, 
H-Kilpur, I-Latakhark, J-Madhya Maheshwar, K-Panwali Kantha, L-Pindari Glaceir, M-Rudranath, N-Tungnath, O-The Valley of Flowers, and 
P-Yamunotri). 


Methods 

We analyzed vegetation at the same stands on selected sites for 
two consecutive years, 2008 and 2009. Data presented here are 
averaged over these two years. For threat category determination 
we established and marked quadrats measuring 100 m x 100 m at 
sites supporting A .balfourii. We sampled vegetation along verti¬ 
cal belt transacts as described by Michael (1990). We calculated 
parameters including percentage frequency (%F), density (D, 
plant in' 2 ), and total basal cover (TBC, cm 2 -m' 2 ) following 
Mishra (1968). Diversity indices (e.g. a and (3) were calculated 
following Whittaker (1972) to quantify the diversity and the 
relative abundance of A. balfourii. Mean values of each quantita- 
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tive parameter for three stands per transact were used for further 
analyses. Considering the endangered status of the species in the 
Himalayan region, the extent of occurrence and population esti¬ 
mation was also studied on all sites. The status of the species was 
determined for all sampled regions on the basis of the occurrence 
of extant species and the population estimation based on IUCN 
(2001) guidelines. On the basis of extensive field visit, all possi¬ 
ble populations of A. balfourii were identified, and the popula¬ 
tion density of the species was measured to assess the number of 
mature individuals in each stand and site to determine the threat 
categories for A. balfourii. We categorized status separately for 
each natural site as well as for the entire northwest Himalaya as a 
single unit. 

Soils were sampled at the study sites from July to September 
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each year. Soils were sampled at depths of 0-10 cm and 10-20 organic matter (SOM) (Walkley and Black 1934), total nitrogen 

cm. The samples were brought to the laboratory in tightly packed (TN) (Allen 1974), exchangeable potassium (EK) (Jackson, 

polythene bags and were air dried at room temperature. The 1958) and available phosphorus (AP) (Olsen et al. 1954). The 

samples were analyzed for chemical attributes viz., pH (Goel and data were statistically analyzed using simple correlation (Karl 

Trivedi 1992), organic carbon (OC) (Okalebo et al. 1993), soil Pearson’s) between soil parameters and plant density. 

Table 1. Sites characteristic of the selected populations of A. balfourii. 

Populations 

Altitude 

(msl) 

Latitude N 

Longitude E 

Habitats 

Associated 

species 

Dominant associate 

BB 

3 309 

30°12'464" 

79°39762" 

Moist shady sub-alpine slopes under canopy of Rhododendron scrub. 

13 

Swertia speciosa 

DR 

3 350 

30°50T12" 

78°33'984" 

Moist shady sub-alpine slopes under canopy of Taxus bacata. 

12 

Fragaria sp. 

DT 

3 000 

30°04'640" 

79°H'918" 

Moist shady sub-alpine slopes under canopy of Quercus sp. 

16 

Fragaria sp. 

HKD 

3 100 

31°04'009" 

78°17'426" 

Moist shady sub-alpine slopes under canopy of Quercus sp. 

11 

Thalictrum sp. 

HK 

3 634 

30°42’254" 

79°36'543" 

Moist shady Open meadow 

8 

Polygonum sp. 

JH 

3 639 

30°1F644" 

79°32'504" 

Moist shady places 

8 

Epilobium sp. 

KN 

3 985 

30°44'938" 

79°03'578" 

Moist shady Open meadow 

4 

Potentilla atrosanguinea 

KP 

3 230 

30°30'651" 

79°13'507" 

Moist shady sub-alpine slopes under canopy of Quercus sp. 

10 

Indigofera sp. 

LK 

3 476 

30°31'379" 

79°46'350" 

Moist shady sub-alpine slopes under canopy of Rhododendron scrub. 

15 

Polygonum alpinum 

MD 

4 003 

30°39'022" 

79°14’826" 

Moist shady Open meadow 

7 

Caltha sp. 

PK 

3 120 

30°34798" 

78°52’634" 

Moist shady sub-alpine slopes under canopy of Quercus sp. 

18 

Polygonum sp. 

PG 

3 546 

30°12'597" 

80°00'332" 

Moist shady places 

5 

Senecio sp. 

RN 

3 453 

30°31T52" 

79°18'901" 

Moist shady sub-alpine slopes under canopy of Rhododendron scrub. 

21 

Caltha paultris. 

TN 

3 550 

30°30’263" 

79°13'593" 

Moist shady sub-alpine slopes under canopy of Rhododendron scrub. 

18 

Potentilla atrosanguinea 

VF 

3 364 

30°43'467" 

79°35’887" 

Moist shady Open meadow 

12 

Fern 

YM 

3 200 

30°59'917" 

78°27'806" 

Moist shady sub-alpine slopes under canopy of Quercus sp. 

10 

Senecio sp. 


BB— Badani Bugiyal, DR— Dayara, DT, Dhudhatoli, HKD— Har-Ki-Dun, HK— Hemkund, JH— Jhaltal, KN— Kedarnath, KP— Kilpur, LK— Latakhark, 
MD— Madhya Maheshwar, PK— Panwali Kantha, PG— Pindari Glacier, RN— Rudranath, TN— Tungnath, VF— The Valley of Flowers, YM— Yamunotri. 

Abbreviations’ explanation is same as the Table 2, 3, and 4. 


Results 

Moist shady slopes under a canopy of Rhododendron shrub were 
the major habitats of A. balfourii (Table 1). Species richness at 
locations supporting A. balfourii was low at all sites but highest 
(21) at RN population and lowest (4) at KN. Plant density was 
highest (140.60 plant-m" 2 ) at DT and lowest (31.0 plant-m' 2 ) at 
YM. Community TBC was highest (47.16 cm 2 -m" 2 ) at KN and 
lowest (7.42 cm 2 -m" 2 ) at KP. (3 diversity was highest (2.50) at RN 
and lowest (1.11) at PG, where there was a high rate of change in 
species occurrence (Table 2). Dominant associates of A. balfourii 
were Fragaria nubicola, Polygonum spp., and Senecio spp. at 
most sites (Table 1). 100% percent frequency was recorded at 
BB, DT, HKD, HK JH, KP, LK, MD, PG and YM. Percent fre¬ 
quency was 50 to 70% at other sites. TBC was highest (11.22 
cm -m" ) at BB and lowest (0.56 cm -m" ) at TN. Among differ¬ 
ent populations, IVI was ranged between 7.09 and 83.85. Per¬ 
centage of A. balfourii on the basis of IVI ranged from 
2.36%-27.95% (Table 3). Relative density of A. balfourii was 
very low at TN (1.23%), VF (1.59%), RN (2.04%), and DT 
(2.84%), but peaked (23.67%) at BB. Relative dominance of A. 
balfourii was highest (51.17%) at BB and lowest (1.44%) at TN. 
Distribution of A. balfourii at most sites was random. A maxi¬ 
mum of 3 pockets at DR and RN, and a minimum of 1 pocket at 
KP were identified as A. balfourii populations. Peak abundance 


of 411 mature plants of A. balfourii was recorded at DR followed 
by 396 at BB. Minimum abundance of 87 mature plants was 
recorded at PG. Geographic distribution and population size are 
the main criteria used to assign threat categories based on popu¬ 
lation reduction and probability of extinction (IUCN 2001). 
Based on geographic distribution, we found A. balfourii to be 
endangered at most sites except KP. Based on abundance of 
mature plants, A. balfourii we considered A. balfourii to be en¬ 
dangered at BB, DR, HK, LK and RN and critically endangered 
at other sites (Table 4). 

Soil at A .balfourii sites were generally sandy or silty loams, 
residues of metamorphic crystalline rocks, and were dark brown 
to dark gray or black (on moist boulder habitat). Soil pH values 
ranged between 4.62 and 5.59, organic carbon ranged between 
1.07 and 2.78%, soil organic matter (SOM) ranged between 
1.85% and 4.80%, total nitrogen ranged between 0.65% and 
1.35%, exchangeable potassium (EK) between 0.03% and 
0.079% and available phosphorus (AP) between 0.016% and 
0.028% at depths of 0-10 cm (Fig. 2A). Soil pH value ranges 
between 3.78 and 5.20, organic carbon ranged between 0.81% 
and 1.42%, soil organic matter (SOM) ranged between 1.40% 
and 2.44%, total nitrogen ranged between 0.28% and 0.79%, 
exchangeable potassium (EK) between 0.037% and 0.086% and 
available phosphorus (AP) between 0.013% and 0.032% at 
10-20 cm depths (Fig. 2B). 
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Table 2. Plant density, total basal cover, diversity, and dominance of 
A. balfourii Garhwal Himalaya 


Sites 

Plant density 

Community TBC a 

diversity 

(3 diversity 

BB 


101.80 

21.92 


14 

1.26 

DR 


47.77 

19.93 


13 

2.11 

DT 


140.60 

11.69 


17 

1.54 

HKD 


67.90 

11.21 


12 

1.12 

HK 


82.30 

27.70 


9 

1.23 

JH 


77.30 

23.98 


9 

1.15 

KN 


38 

47.16 


4 

1.42 

KP 


55.33 

7.42 


11 

1.26 

LK 


62.3 

15.45 


16 

1.73 

MD 


89.6 

29.14 


8 

1.17 

PG 


42.00 

22.09 


6 

1.11 

RN 


73.4 

37.27 


21 

2.50 

TN 


97.5 

39.20 


19 

1.68 

VF 


81.80 

18.11 


13 

1.42 

YM 


31.00 

9.95 


11 

1.66 

Table 3. 

Ecological parameters of different populations of A. bal- 

fourri 







Populations 

Frequency 

(%) 

Density TBC 

(plant-m‘ 2 ) (cm 2 m‘ 2 ) 

IVI 

Share A/F 

(%) ratio 

BB 


100 

24.10 

11.22 

83.85 

27.95 0.24 

DR 


92.31 

7.92 

3.72 

50.27 

16.75 0.09 

DT 


100 

4 

0.72 

18.12 

6.04 0.04 

HKD 

100 

4.6 

2.67 

39.95 

13.31 0.05 

HK 


100 

2.8 

1.98 

24.26 

8.08 0.03 

JH 


100 

7.6 

7.09 

52.22 

17.40 0.08 

KN 


60 

1.6 

0.75 

27.23 

9.07 0.04 

KP 


100 

4.50 

2.38 

51.67 

17.22 0.05 

LK 


100 

7.2 

4.48 

51.40 

17.13 0.07 

MD 


100 

18.4 

8.65 

64.92 

21.63 0.18 

PG 


100 

1.4 

0.78 

25.36 

8.45 0.01 

RN 


70 

1.5 

0.71 

12.07 

4.02 0.03 

TN 


50 

1.2 

0.56 

7.09 

2.36 0.05 

VF 


50 

1.3 

0.65 

10.75 

3.58 0.05 

YM 


100 

2 

1.11 

33.22 

11.07 0.02 

Table 4. 

Determination of threat status of A. 

balfourii in Garhwal 

Himalaya 






Popu¬ 

lations 

Rela¬ 

tive 

Relative 

domi- 

Extent of oc¬ 
currence 

Population estima- Status 

tion (IUCN, 

density nance 

(Location No.) (Mature individuals) 2001) 

BB 

23.67 

51.17 

2 


396 

]h * ]h ** 

DR 

16.59 

18.68 

3 


411 


DT 

2.84 

6.19 

2 


95 

E*,CE** 

HKD 

6.77 

23.83 

2 


162 

E*,CE** 

HK 

3.40 

7.16 

2 


265 


JH 

9.83 

29.56 

2 


249 

E*,CE** 

KN 

4.21 

1.59 

2 


173 

E*,CE** 

KP 

8.13 

32.00 

1 


127 

CE*,CE** 

LK 

11.56 

28.97 

2 


330 


MD 

20.54 

29.68 

2 


203 

E*,CE** 

PG 

3.33 

3.51 

2 


87 

E*,CE** 

RN 

2.04 

1.89 

3 


319 


TN 

1.23 

1.44 

2 


89 

E*,CE** 

VF 

1.59 

3.61 

2 


144 

E*,CE** 

YM 

6.45 

11.14 

2 


93 

E*,CE** 


*Based on extent of occurrence; **Population estimation. 
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Fig. 2 Soil characteristics of A. balfourii populations: A (0-10 cm) 
and B (10-20 cm) depth 


Discussion 

Floristic inventory, survey and diversity studies help us to under¬ 
stand the species composition and diversity status of forests 
(Gordon and Newton 2006). Species richness measures provide 
an easily comprehensible expression of diversity. Whittaker 
(1972) defined p diversity as the ‘extent of species replacement 
or biotic change along environmental gradients’. Whittaker 
(1972) also established the importance of identifying (3 and a 
diversity as components of overall plant diversity. Values of (3 
diversity can be used to compare the habitat diversity of different 
study sites, P and a diversity together can measure the overall 
diversity or biotic heterogeneity of an area (Wilson and Shmida 
1984). Species diversity is affected by long term factors like 
community stability and evolutionary time as the heterogeneity 
of micro and macro environments impact the diversification of 
different communities (Verma et al. 2004). Variations in fre¬ 
quency can be ascribed to diverse soil conditions, seed dispersal 
mechanisms, grazing and other biotic factors as reported by 
Semwal (2006). Grazing can be the prime factor which governs 
vegetation structure and plant species occurrence, as reported by 
Sundriyal and Joshi (1991), Rikhari et al. (1993), Nautiyal 
(1996), and Rawat (2009). Density of a species provides an index 
to competition between individuals of the species. Higher densi¬ 
ties can cause greater competitive stresses, leading to poor 
growth and lower reproductive capacity. We recorded A. bal¬ 
fourii at low densities (1.2-24.10 individual-m' 2 ) and high 
(100%) frequencies. One potential explanation could be exten¬ 
sive harvesting from wild populations. Plants were typically 
uprooted arbitrarily, accounting for the low recorded densities. 
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Removal of the entire plant before seed maturation reduces the 
possibility of seed development for future regeneration (Sheldon 
et al. 1997). Importance value index (IVI) of the species repre¬ 
sents the ecological success of any species in a community as a 
single value. This single value provides complete picture of so¬ 
ciological structure of a species, because the frequency provides 
information about the dispersal of a species in an area, density 
gives numerical strength of the species and dominance represents 
the basal area. Overall, IVI gives an excellent idea about varying 
environmental factors (Odum 2005). 

Ved et al. (2003) assigned vulnerable status for this species in 
Uttarakhand as well as at the global level. We assessed A. bal- 
fourii as endangered on the basis of geographic distribution and 
critically endangered on the basis of population estimation i.e. 
numbers of mature individuals. Erosion of diversity in natural 
plant populations in the Himalayan region during the recent past 
is not uncommon and has been attributed to irresponsible exploi¬ 
tation for the extraction of drugs (Sambrook et al. 2001; Kato et 
al. 1999), socio-economic factors, various environmental pertur¬ 
bations, loss of habitat and overgrazing (Ashihara and Suzuki 
2004; Kolosova et al. 2001). Therefore, immediate measures are 
needed to initiate conservation policies for this species in the 
northwest Himalaya. 

Acidity in pH has also been reported by Sundriyal and Joshi 
(1990), Singh (1991) and Nautiyal (1996) in the alpine pastures 
of Garhwal Himalaya. Correlation matrices of different soil pa¬ 
rameters at 0-10 cm depth with density are presented in Table 5. 
Variations reveal (Fig. 3A) highly significant correlation for pH 
(y = 0.0138x + 5.0436, R 2 = 0.104), OC (y = -0.0095x + 1.8321, 
R 2 = 0.0126), SOM (y = -0.0159x + 3.1553, R 2 = 0.0119), TN (y 
= 0.004 lx + 0.9007, R 2 = 0.0192), EK (y = 0.0008x + 0.0541, R 2 
= 0.144) and AP (y = -O.OOOlx + 0.0231, R 2 = 0.0378). Correia- 
tion matrices of different soil parameters at 10-20 cm depth with 
density are presented in Table 5. Variations reveal as follows (Fig. 
3B):, pH (y = -0.0308x + 4.9241, R 2 = 0.2726), OC. (y = 0.0012x 
+ 1.0056, R 2 = 0.0023), SOM (y = 0.0024x + 1.7294, R 2 = 
0.0033), TN (y = 0.0044x + 0.4702, R 2 = 0.0367), EK (y = 
0.0014x + 0.0512, R 2 = 0.3022) and AP (y = 0.0002x + 0.019, R 2 
= 0.038). Plants in alpine zones are susceptible to environmental 
stresses (Komer 1999). Morphological variations and presence of 
secondary metabolites along with genetic diversity must be con¬ 
sidered during the domestication of these plants. A germplasm 
collection (seeds and plant stock of all these populations) was 
underway at the time of this writing as were observations of 
phenotypic plasticity in our alpine garden and studies on genetic 
diversity. Future conservation strategies and cultivation of wild 
medicinal and other economically important species will be initi¬ 
ated on the basis of this array of information (Airi et al. 2000). 

Conclusions 

These observations on threat status, population structure and 
nutrient profile of natural habitat of A. balfourii reveals that this 
species is restricted to specific pockets in wild and endangered in 
status. If the urgent steps for conservation are not taken, A. bal¬ 


fourii will be critically endangered in near future. On the basis of 
these observations of occurrence, availability, identification of 
potential habitat for collecting and multiplying germplasm for 
future domestication and cultivation, A. balfourii can be recog¬ 
nized and gainfully adopted for conservation. 



Fig. 3 Correlation of density with various soil parameters: A (0-10 
cm) and B (10-20 cm) depth. 

Tie 5. Correlation matrices of different soil parameters at different 
depths with density 

0-10 cm 

Density pH OC% SOM % TN % EK% AP% 

Density 1 

pH 0.322452 1 

OC% -0.11214 -0.19885 1 

SOM % -0.10908 -0.19836 0.99997 1 

TN % 0.138484 0.241457 0.279228 0.280921 1 

EK% 0.379506 0.112213 0.034744 0.031617 0.238407 1 

AP% -0.19441 0.018273 0.05847 0.057604 -0.00255 -0.18198 1 

10-20 cm 

Density pH OC% SOM % TN % EK% AP% 

Density 1 

pH -0.52208 1 

OC% 0.047541 -0.06504 1 

SOM % 0.057131 -0.06975 0.999699 1 

TN % 0.191515 0.060196 0.407587 0.399655 1 

EK% 0.549694 -0.46042 -0.08837 -0.09157 -0.01274 1 

AP% 0.195005 0.043986 0.086791 0.094968 -0.31999 -0.14146 1 
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